The randomized phase 3 ELOQUENT-2 study (NCT01239797) evaluated the efficacy and safety of elotuzumab plus lenalidomide and dexamethasone (ELd) versus lenalidomide and dexamethasone (Ld) in relapsed/refractory multiple myeloma (RRMM), and to date, has the longest follow-up of any monoclonal antibody in patients with RRMM. METHODS: In this extended 4-year follow-up of the ELOQUENT-2 trial, the coprimary endpoints of progression-free survival (PFS) and overall response rate as well as the secondary endpoint of overall survival were assessed. In the absence of head-to-head trials comparing Ld-based triplet regimens to guide treatment selection, 4 randomized controlled trials-ELOQUENT-2, ASPIRE, TOURMALINE-MM1, and POLLUXwere indirectly compared to provide insight into the relative efficacy of these regimens in RRMM. RESULTS: Data at 4 years were consistent with 2-and 3-year follow-up data: ELd reduced the risk of disease progression/death by 29% versus Ld (hazard ratio, 0.71) while maintaining safety. The greatest PFS benefit among the assessed subgroups was observed in patients at the median time or further from diagnosis (≥3.5 years) with 1 prior line of therapy, who had a 44% reduction in the risk of progression/death, and in patients in the high-risk category, who had a 36% reduction in favor of ELd. This regimen also showed a relative PFS benefit that was maintained beyond 50 months. CONCLUSIONS: The sustained PFS benefit and long-term safety of ELd at 4 years, similar to those observed at 2 and 3 years, support ELd as a valuable therapeutic option for the long-term treatment of patients with RRMM. Cancer 2018;124:4032-4043.
INTRODUCTION
Multiple myeloma, a malignant clonal neoplasm of plasma cells of B-lymphocyte origin, accounted for approximately 18% of all new cases of hematologic malignancies in the United States in 2016. 1 Advances in disease awareness and the use of proteasome inhibitors and immunomodulatory drugs have improved treatment outcomes and extended survival. Although multiple myeloma is associated with a 49% survival rate over 5 years, 1 most patients eventually relapse or become refractory to treatment. Therefore, new treatment approaches are needed.
In the context of relapsed/refractory multiple myeloma (RRMM), therapeutic strategies combining agents with novel mechanisms of action, such as immuno-oncology (I-O) agents, with standard regimens may be key to overcoming drug resistance and providing durable responses that translate into long-term survival. Therefore, it is important to assess treatment outcomes with an immunotherapy-specific approach that captures the nuances particular to I-O therapy by the inclusion of long-term follow-up for survival endpoints as well as the analysis of landmark time points beyond the median and the hazard ratio (HR) over the study duration because it highlights the proportion of patients with durable responses and thus may provide evidence of a long-term survival benefit.
Cancer October 15, 2018 Elotuzumab is a humanized immunoglobulin G1 immunostimulatory monoclonal antibody against signaling lymphocytic activation molecule F7 (SLAMF7), a glycoprotein expressed on myeloma cells and natural killer cells but not on normal nonlymphoid tissues. 3 Elotuzumab exhibits a dual mode of antitumoral action that leads to targeted myeloma cell death by either directly activating natural killer cells or mediating antibody-dependent cellular cytotoxicity. 3, 4 The activation of natural killer cells and subsequent myeloma cell death are further enhanced by elotuzumab plus lenalidomide and dexamethasone (ELd) in comparison with either agent alone. 5 ELd versus lenalidomide and dexamethasone (Ld) alone was assessed in the phase 3 ELOQUENT-2 study in patients with RRMM (NCT01239797). 6 To date, ELd has the longest follow-up of any monoclonal antibody in patients with RRMM. In previous 2-and 3-year follow-up analyses, ELd reduced the relative risk of disease progression or death by 30% and 27%, respectively. 6, 7 Among patients receiving ELd versus Ld, progression-free survival (PFS) rates showed sustained relative improvements of 52% at 2 years (41% vs 27%) 6 and 44% at 3 years (26% vs 18%). 7 ELd treatment resulted in early, sustained separation of the Kaplan-Meier curves for both PFS and overall survival (OS). 7 The greatest PFS benefit was demonstrated for patients with a time from the diagnosis of multiple myeloma longer than or equal to the median of 3.5 years 6, 7 and particularly for those patients 3.5 or more years from diagnosis who also had 1 prior line of therapy 7 ; this suggests that patients with slowly progressing disease may particularly benefit from the addition of elotuzumab to Ld.
Treatment selection and sequencing in RRMM are becoming increasingly complex, and clinicians have an increasing number of options when considering suitable treatment regimens for their patients. In addition to ELd, the current treatment landscape presents a myriad of combination therapies. The proteasome inhibitors carfilzomib and ixazomib and the anti-CD38 monoclonal antibody daratumumab are also approved for the treatment of RRMM in combination with Ld (ie, carfilzomib plus lenalidomide and dexamethasone [CLd] , ixazomib plus lenalidomide and dexamethasone [ILd] , and daratumumab plus lenalidomide and dexamethasone [DLd]). [8] [9] [10] In separate randomized controlled phase 3 studies, these 4 regimens have shown varying magnitudes of PFS benefit in comparison with Ld. 6, [8] [9] [10] Although none of the reported trials included patients who progressed while on Ld, clinical judgment should be used to determine whether a patient may still be sensitive to treatment with an Ld-containing regimen. In the absence of head-tohead trials and because of the difficulties associated with assessing differing study designs, patient populations, and durations of follow-up, novel methodologies are necessary to evaluate the clinical benefit of different regimens. Guidelines developed by the United Kingdom's National Institute for Health and Care Excellence, providing evidence-based guidance and advice for improving health and social care in England, support survival analysis methodologies such as those described by Guyot et al 11 to reconstruct individual patient-level data, which allow indirect comparisons between clinical trial data. 12 The use of such analyses, adopted by various bodies within health services research, may also help physicians to understand the relative durability of response of available treatments.
Given the survival benefits observed with elotuzumab with 2 and 3 years of follow-up, in this study, using extended 4-year follow-up data from ELOQUENT-2, we assessed the durability of response, including additional analyses of PFS and long-term safety, with ELd versus Ld. We also performed an indirect comparison using data from publicly available randomized controlled phase 3 clinical trials of patients with RRMM to describe time-specific effects on the relative PFS of triplet regimens with elotuzumab (ELd), carfilzomib (CLd), ixazomib (ILd), and daratumumab (DLd) in comparison with Ld to provide insight into the relative efficacy of these regimens in the RRMM setting.
MATERIALS AND METHODS

ELOQUENT-2
Study design
The study design for ELOQUENT-2 has been previously described 6 (for additional details, see the supporting information). The protocol and its amendments received approval by the institutional review board or independent ethics committee at each study site prior to initiation.
Patients
Patients were 18 years old or older and had multiple myeloma, measurable disease, an Eastern Cooperative Oncology Group performance status ≤ 2, and a creatinine clearance ≥30 mL/min. Patients had received 1 to 3 prior lines of therapy and had documented disease progression after their most recent therapy. Patients were classified at the time of study entry according to International Myeloma Working Group risk categorization criteria 13 Cancer October 15, 2018 as follows: high risk, which was defined as International Staging System stage II or III disease and a t(4;14) or del(17p) abnormality; low risk, which was defined as International Staging System stage I or II disease, an absence of t(4;14), del(17p), and 1q21 abnormalities, and an age younger than 55 years; or standard risk (when patients did not meet the definition of either high or low risk). All patients provided informed consent for participation in the study.
Study endpoints
The coprimary endpoints were PFS and overall response rate. OS was a secondary endpoint. Exploratory endpoints reported here include the duration of response and safety.
Assessments
Efficacy endpoints were centrally assessed on the basis of European Group for Blood and Marrow Transplantation criteria 14 and a blinded review of tumor assessments by an independent review committee (see also the supporting information).
Statistics
The coprimary endpoint of PFS used the primary definition of PFS (see the supporting information) and an independent review committee assessment of tumor response, which was analyzed in all randomized patients. The calculation of the median PFS and its confidence intervals (CIs) is detailed in the supporting information. Post hoc analyses examined PFS stratified by the best overall response according to the International Myeloma Working Group risk criteria 13 as well as the impact of the time from diagnosis and the number of prior lines of therapy on PFS. In the 4-year follow-up, an assessment of PFS was not prespecified, whereas an assessment of OS as an exploratory endpoint was predefined, but no statistical analysis was planned. All P values shown for 4-year data are descriptive and not adjusted for multiplicity; the P value for OS could not be provided to avoid interference with the final planned OS analysis (prespecified after the occurrence of 427 deaths). The cutoff date for all analyses was October 18, 2016.
Relative PFS analysis
Individual patient-level data were reconstructed from Kaplan-Meier PFS curves from ELOQUENT-2 (for ELd), 6 ASPIRE (for CLd), 8 TOURMALINE-MM1 (for ILd), 9, 15 and POLLUX (for DLd) 10, 16 with data available as of April 2017. Engauge Digitizer software 17 was used by 2 independent researchers to trace and digitize the series of coordinates of each Kaplan-Meier PFS curve to ensure accuracy. The coordinates extracted from PFS curves, the reported numbers of events, and the numbers of patients at risk at various time points were used to generate individual patient-level data with the statistical program R (version 3.4.0) 18 on the basis of the methods described by Guyot et al. 11 With the reconstructed individual patient-level data, Kaplan-Meier PFS curves were created for each arm in each trial and were overlaid with the original available curves to validate the reconstructed individual patient-level data. The relative PFS benefit over time was calculated as the difference between the PFS estimate of each triplet regimen and the PFS estimate of Ld divided by the PFS estimate of Ld:
where S(t) is the Kaplan-Meier PFS estimate at time t and X is elotuzumab, carfilzomib, ixazomib, or daratumumab. Relative PFS benefits at 6-, 12-, 24-, 36-, and 48-month time points are reported.
RESULTS
ELOQUENT-2: 4-Year Follow-Up
Patient flow and recruitment
A total of 646 patients were randomized in ELOQUENT-2; of the 635 who were treated, 319 received ELd, and 316 received Ld. In both treatment arms, the median time from diagnosis to randomization was 3.5 years. At 4 years, an analysis of PFS was performed after a minimum follow-up (last patient first visit until database lock) of 48 months. The median follow-up for patients without a PFS event (ie, progression or death) was 46 months (n = 132). The median number of completed cycles of treatment was 19 in the ELd arm and 14 in the Ld arm. Almost twice as many patients remained on treatment with ELd (n = 54 [17%]) in comparison with Ld (n = 28 [9%]). The main reason for discontinuation was disease progression, which was equally distributed in the 2 groups (n = 172 [54%]; Supporting Table 1 ).
Baseline characteristics
The baseline demographics and characteristics, which have been described elsewhere, 6 were generally consistent between the treatment arms; they included the median age (67 years) and the disease stage at enrollment. The proportions of patients with high-risk (19% on ELd
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and 20% on Ld) and standard-risk disease (72% on ELd and 68% on Ld) were similar between the treatment arms. Identical proportions of patients in the 2 arms had del(17p): 32% of the patients if a definition of ≥1 cell positive for this cytogenetic deletion was used 6 or 19% according to a post hoc analysis using a threshold of ≥60% of positive cells. 6, 7 The t(4;14) translocation was present in 9% of ELd patients and in 10% of Ld patients. 6 The proportions of patients who had received prior bortezomib, thalidomide, or lenalidomide were also comparable between the arms. PFS benefits in favor of ELd in the overall population were consistent across key patient subsets, including patients aged 75 years or older, patients at the median time or further from their diagnosis (≥3.5 years), and patients with high-risk cytogenetics (Fig. 3) . In a post hoc analysis of the impact of the time from diagnosis and the number of prior lines of therapy on PFS, the greatest PFS benefit was observed in patients at the median time or further from diagnosis (≥3.5 years) with 1 prior line of therapy; this demonstrated a 44% reduction in the risk of progression or death in favor of ELd in patients with 1 prior line of therapy (HR, 0.56; 95% CI, 0.34-0.93; P = .0224; Fig.  4A ). This was closely followed by a 41% risk reduction in patients with more than 1 prior line of therapy (HR, 0.59; 95% CI, 0.42-0.81; P = .0011; Fig. 4B ). Patients less than the median time from diagnosis (<3.5 years) with 1 prior line of therapy had a 15% reduction in the risk of progression or death in favor of ELd (HR, 0.85; 95% CI, 0.61-1.16, P = .3030), whereas those less than the median time from diagnosis (<3.5 years) with more than 1 prior line of therapy had a 10% risk reduction in favor of ELd (HR, 0.90; 95% CI, 0.60-1.36, P = .6198; Supporting Table 2 ).
Relative risk reductions for progression or death of 36% (HR, 0.64; 95% CI, 0.43-0.97; P = .0331) and Cancer October 15, 2018 23% (HR, 0.77; 95% CI, 0.62-0.95; P = .0159) were observed in favor of ELd in patients with high-risk and standard-risk disease, respectively (Supporting Fig. 1 
Overall response rate
The overall response rate was 79% with ELd and 66% with Ld, whereas the proportion of patients with a very good partial response or better was 35% in the ELd arm and 29% in the Ld arm (Supporting Table 3 ). The duration-of-response benefit was maintained over time (HR, 0.77; 95% CI, 0.62-0.95; P = .0176) with a median duration of response of 21 months (95% CI, 18-26 months) with ELd versus 17 months (95% CI, 15-19 months) with Ld (Supporting Table 3 ).
OS
The early separation of OS curves was maintained over time in favor of ELd with 4-year OS rates of 50% for ELd and 43% for Ld (HR, 0.78; 95% CI, 0.63-0.96; Fig. 5 ). The median OS was 48 months in the ELd arm and 40 months in the Ld arm (Fig. 5) .
Safety
Extended safety data were similar between the treatment arms ( Table 1) . Adverse events (AEs) were reported in almost all patients (99%) in both treatment arms. Almost twice as many patients remained on therapy in the ELd arm (n = 54) in comparison with the Ld arm (n = 28). Fewer deaths occurred with ELd (n = 165) than Ld (n = 186), with the most common cause in both groups being disease progression (n = 109 in the ELd group and n = 120 in the Ld group). Death due to infection was numerically higher overall for the ELd group (n = 23) than the Ld group (n = 16), but the difference was not statistically significant (HR, 1.3; P = .4143). Deaths occurring within 60 days of the last dose as a result of infection were similarly distributed across the arms and were mainly due to sepsis (n = 3 in the ELd group and n = 3 in the Ld group) or pneumonia (n = 2 in the ELd group and n = 1 in the Ld group).
Relative PFS Analysis
Relative PFS was calculated at specific time points-6, 12, 24, 36, and 48 months-against the common Ld backbone used as the control treatment for all trials included in this analysis, and this allowed a time point-specific indirect comparison of relative PFS between these trials when data were available. Individual patient-level data from ELOQUENT-2 (for ELd), 6 ASPIRE (for CLd), 8 TOURMALINE-MM1 (for ILd), 9, 15 and POLLUX (for DLd) 10, 16 were reconstructed and validated (Supporting Fig. 2a-d) . At least 12 months of PFS data were available for all 4 regimens; at the time of data lock for this analysis (April 2017), ELOQUENT-2 had the longest follow-up, with ELd PFS data available through 62 months, whereas PFS data were available through 12 months for DLd, through 30 months for ILd, and through 48 months for CLd. The relative PFS benefit over time is displayed in Figure 6 , and the relative PFS benefits at the 6-, 12-, 24-, 36-, and 48-month time points are shown in Table 2 . At 6 months of treatment, DLd and ELd had the numerically highest relative PFS benefit (18% and 15%, respectively), and they were followed by CLd (10%) and ILd (3%). At 12 months, DLd had the highest relative PFS benefit (43%), and it was followed by CLd (22%), ELd (20%), and ILd (10%). At 24 months, among the triplet regimens with available data, ELd had the numerically highest relative PFS benefit (46%), and it was followed by CLd (34%) and ILd (24%). ELd maintained its relative PFS benefit at 36 months (46%), but a decline was observed for CLd (19%). The relative PFS benefit for ELd was maintained beyond 50 months (Table 2 and Fig. 6 ).
DISCUSSION
The 4-year data reported here from ELOQUENT-2 represent the longest follow-up to date of any monoclonal Cancer October 15, 2018 Cancer October 15, 2018 Cancer October 15, 2018
antibody in patients with RRMM. ELd showed a clinically relevant improvement in PFS, with a sustained 29% reduction in the risk of progression or death, consistent with 2-(30%) and 3-year follow-up data (27%). 6, 7 The sustained relative improvement in the PFS rate in favor of ELd in comparison with Ld was maintained throughout the 4-year follow-up (52% at 2 years, 44% at 3 years, and 50% at 4 years). To our knowledge, ELOQUENT-2 is the only randomized trial in the RRMM setting in which PFS data have been centrally assessed continuously after the median PFS was reached. In other large contemporary studies such as ASPIRE, 8 TOURMALINE-MM1, 9, 15 and POLLUX, 10, 16 all subsequent reviews after the median PFS was reached were according to the treating physician. This unique feature of the ELOQUENT-2 trial provides a more accurate assessment of long-term PFS in comparison with local laboratory evaluations. Furthermore, the early and persistent separation of the PFS and OS curves demonstrates the durable long-term clinical benefit provided by ELd.
A post hoc analysis demonstrated that the PFS benefit of ELd was consistent across all key subgroups, including patients aged 75 years or older, patients at the median time or further from diagnosis (≥3.5 years), and patients with high-risk disease. The greatest benefit among the subgroups assessed was seen in patients at the median time or further from diagnosis with 1 prior line of therapy, who had a 44% reduction in the risk of progression or death. A better response to additional treatment has been seen with other I-O therapies in patients who have higher risk disease, as observed with nivolumab in other tumor types 19, 20 ; however, the reasons for such an association between high risk and improved response are not clear. In ELOQUENT-2, almost all patients (98%) were assessed for risk on the basis of their cytogenetic profile; 19% of these patients tested positively in at least 60% of cells for del(17p), a genetic event associated with high-risk disease. 6 Although the cytogenetic profile was unknown for a considerable number of patients in ELOQUENT-2, these results suggest that ELd continues to demonstrate long-term efficacy even in patients with a high cytogenetic risk.
Overall, the data presented here support the use of ELd in the context of providing a durable, clinically relevant survival benefit to patients with RRMM. Elotuzumab, in combination with Ld, is one of several regimens recommended by the National Comprehensive Cancer Network for the treatment of patients with RRMM. 21 However, establishing efficacy with respect to Ld is insufficient to inform clinical treatment decisions, and the absence of head-to-head trials adds to the complexity of treatment selection among different regimens with a common Ld backbone. We used an innovative, descriptive approach based on methods described by Guyot et al 11 and recognized by the National Institute for Health and Care Excellence to investigate the relative PFS benefit of the triplet regimens investigated in the ELOQUENT-2, ASPIRE (carfilzomib), 8 TOURMALINE-MM1 (ixazomib), 9 and POLLUX (daratumumab) trials. 10 ELd showed a relative PFS benefit that was maintained beyond 50 months, and this supports ELd as a feasible treatment regimen for extending survival in patients with RRMM. Although the potential of daratumumab in combination with Ld for long-term durability has yet to be supported by evidence because of the short follow-up, 2 recent network meta-analyses have suggested that DLd may be the best treatment option for patients with RRMM. 22, 23 Although one analysis compared HRs for PFS from all publicly available randomized controlled phase 3 trials, the other analysis described a Bayesian network meta-analysis that compared the clinical efficacy of Ld-containing regimens. In our study, instead of using a network meta-analysis to compare treatments, we applied a metric of relative PFS benefit. The approach used here allowed comparisons between triplet regimens at specific time points (6, 12, 24, 36 , and 48 months) when data were available as opposed to the overall duration of each trial; this minimized the impact of different follow-up durations. Comparisons beyond 24 months excluded the TOURMALINE-MM1 and POLLUX trials because of insufficient follow-up duration.
The proteasome inhibitors carfilzomib and ixazomib, in combination with Ld, showed initial relative PFS benefits in comparison with Ld alone, which were diminished by the end of data availability. However, this may be explained, at least for the carfilzomib-based triplet regimen, by the fact that carfilzomib was discontinued after 18 cycles (approximately 18 months), and patients received only Ld from this cycle onward. Furthermore, data on the long-term safety of carfilzomib were not available at the start of the ASPIRE study, 8 and this, therefore, limits the long-term analysis of carfilzomib treatment.
The relative PFS methodology is descriptive and not a statistical comparison and has several limitations. First, the relative PFS at the far right of each KaplanMeier curve should be interpreted with caution because there is high uncertainty due to the very few patients at risk at these time points. Second, the different lengths of Cancer October 15, 2018 follow-up reported in each trial at the time of this analysis limit potential long-term comparisons; nonetheless, it is valid for each time point with data available. Indeed, the relative PFS analysis should be performed again when updated CLd, ILd, and DLd follow-up data are published. In light of ELd providing a survival advantage sustained over 4 years, this methodology could also be applied to OS when the final analyses for ELd, CLd, ILd, and DLd are published. In the case of ELOQUENT-2, this will occur after 427 deaths; this number has yet to be reached. Third, findings from this approach should also be interpreted with some caution because of differences in the study design, treatment duration, or patient populations. However, the baseline characteristics for all 4 trials, including age, median number of prior lines of therapy, and Ld dosing, were comparable. Fourth, we did not consider differences in the modes of administration. Both elotuzumab and daratumumab were given intravenously, 6 ,10 whereas carfilzomib was administered as an infusion, 8 and ixazomib was given orally. 9 The differences in the modes of administration and their efficacy are beyond the scope of this study. Fifth, because our analysis focused on relative PFS, we did not account for the safety profile and AEs reported. Finally, we assessed only regimens with an Ld backbone and thus are unable to comment on the relative PFS of studies with non-Ldbased regimens.
The extended follow-up for ELd showed that, in addition to a durable clinical benefit, the safety and tolerability profile was also maintained. The safety profile over the extended (4-year) analysis remained relatively similar between the ELd and Ld arms and was consistent with the 2-and 3-year findings. 6, 7 Both the total number of AEs and the number of exposure-adjusted AEs were similar between the ELd and Ld groups. The higher rates of specific AEs in the ELd arm, most notably infections and second primary malignancies, were a reflection of the longer treatment duration, as indicated by the exposureadjusted analysis. The efficacy of ELd is, therefore, retained over time without safety being compromised.
The proteasome inhibitors carfilzomib and ixazomib, in combination with Ld (CLd and ILd, respectively), are generally well tolerated, 8, 9 although carfilzomib has been associated with cardiac complications. 24 Higher rates of neutropenia and infusion-related reactions have been reported with daratumumab in combination with Ld despite the short follow-up. 10 Further follow-up is necessary to confirm whether the tolerability and efficacy of DLd will be maintained over time and with a longer exposure, as was seen for ELd.
Overall, the presented results demonstrate that the sustained efficacy of ELd observed in ELOQUENT-2 is further supported by findings from the relative PFS analysis. This, combined with the well-established long-term safety and tolerability profile, supports this regimen as a valuable treatment option offering long-term benefits to patients with RRMM. The favorable long-term risk-benefit profile of ELd at present distinguishes it from other Ld-based regimens.
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